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Materials and Methods
Water contact angle WCA was used to confirm the presence or absence of polymer coat. WC measurements were determined using a CAM 200 optical contact angle meter (KSV instruments Ltd) equipped with Pendant Drop Surface Tension Software (Version 3.42). Poly-L-lysine treated and untreated glass slides returned WCA's of 67.27 ± 5.33° ( Figure S1A ) and 5.15 ± 1.09° ( Figure S1B ), respectively (n=3).
Exsheathment Efficiency
The efficiency of larval exsheathment was determined by depositing ensheathed larva (n=20) suspended in deionised water on the surface of either poly-L-lysine coated and uncoated glass surfaces (n=3), which were incubated at 37 °C for 30 minutes. The number of exsheathed larva, ensheathed larva and sheaths were counted after incubation from which a percentage of exsheathment was calculated ( Figure S1C ).
Results

Atomic Force Microscopy
The nano-annuli provide the sheath with an enhanced surface area, when compared to the L3 cuticle. The surface area of the sheath can be approximated through calculation of the surface area for a single nano-annulus, using the elliptical cylinder surface area approximation equation.
− ≈ [3( − ) − √(3 + )( + 3 )] 2
where radius (r) = 0.162 μm, depth (d) = 0.029 μm and length (l) = 1.800 μm. Therefore the surface area of a single nano-annulus is ~ 0.603 μm 2 , such that for field of view measuring 10x10 μm, the surface area for an L3 cuticle and sheath is ~100 μm 2 and ~104 μm 2 , respectively, Figure S2 .
Principal component analysis (PCA)
Primarily, PCA of the complete dataset (12 different larva & their corresponding 12 sheaths) was applied to determine if the surfaces are statistically different and can be differentiated from each other. Preliminary analysis of the normalised eigenvalues on the first ten principal components shows PC 1 (59.6 %), 2 (18.9 %) and 3 (12.0 %) account for 90.5 % of the variability within the data set Figure S4 . In depth analysis of the principal component scores confirms the complexity of the biological surfaces under investigation as no component alone separate the L3 cuticle and sheath surfaces in the vertical axis, Figure S5 A-C. Although, PC2 and PC3 show scores for L3 cuticle are always greater in PC2 and lower for PC3, when compared to the sheath. Analysis of component pairs PC1 & PC2, PC1 & PC3, and PC2 & PC3 show L3 cuticle and sheath cluster into discrete groups with marginal overlap between populations, Figure S5 D-E. Specifically, the component pair of PC2 & PC3 exhibits the greatest separation. When a three dimensional scores plot is generated for the first three principal components the data unambiguously separates into two distinct populations.
Secondly, through detailed analysis of the PCA loadings, calculation of the significant differences between the L3 cuticle and sheath, application of data filters and image analysis mass ions that are unique or were significantly expressed on each surface were identified. Through examination of both mean centred and auto-scaled loadings for the first three principal components it was established PC2 and PC3 correspond to markers for the sheath and L3 cuticle, Figure S6 . Specifically, the sheath could be identified by low and high loadings on PC2 and PC3, respectively, whereas the L3 cuticle could be identified by high and low loadings on PC2 and PC3, respectively. However, due to the complexity of the dataset under consideration 95% confidence limits on PC loadings alone were not able to identify mass ions that were significantly expressed on L3 cuticle or sheath surface.
MCR analysis -negative polarity (79.97 u) are also observed, which can be anticipated from this surface. The elemental ions, phosphates and silicate are located in greater abundance on the glass substrate, whereas the low molecular weight carbon functional groups are distributed throughout the field of view and may be residues of poly-L-lysine coating ( Figure S9 ).
Poly-L-lysine -The highly loaded carbon nitrogen compounds identified as the CNO -(42.00 u), CN -(26.00 u) and C2H2N
-(40.02 u) secondary ions are distributed throughout the field of view for the MCR component 4 ( Figure S10 ). These are common mass fragments for poly-L-lysine and it has coated the glass substrate as well as the L3 cuticle and sheath. Figure S11 shows MCR residuals scores image and corresponding MCR Component loadings and mass assignments.
MCR analysis -positive polarity
Preliminary screening of the hyperspectral data set with PCA indicated five components that account for distinct variability within the dataset. Based on these findings MCR analysis was conducted using five components. Figure S12 shows false colour heat maps and residuals for highly loaded mass ions for the positive polarity and show MCR 1 & 4 are specific for emerging L3 cuticle and sheath respectively, whereas MCR components 2, 3 and 5 demonstrate non-specificity to observed surfaces.
Analysis of the loadings plots for the highly loaded mass ions for MCR component 1 Figure S13A reveals the presence of a high degree of CxHxOx (Table S2 ) chemistry on the surface of the cuticle, of which CH5O + (33.04 u), C2H3O2 + (59.02 u), C2H4O2 + , C3H7O2+ (75.05 u), demonstrate specificity, Figure S14 . Although MCR component 4 demonstrate specificity for the sheath, when further analysis is conducted on the highly loaded ions ( Figure S13B ) none highly loaded compounds are specific for the sheath, Figure S15 . This observation was confirmed using the statistical scoring which showed no positive ions are unique of significantly found on the surface of the sheath.
Further statistical analysis
Correlation coefficient analysis and statistical scoring were used to confirm the findings from MCR analysis and to show L3 cuticle and sheath are chemical different entities. It is important to note these methods utilized data from 12 different partially exsheathed N. americanus, for which 24 different regions of interest were defined (12 L3 cuticles and 12 sheaths), whereas MCR analysis was conducted on a hyperspectral dataset for entire fields of view containing a mixture of partially exsheathed helminths, glass substrate and poly-L-lysine.
Correlation coefficient analysis -Calculation of the correlation coefficients between two variables, the N. americanus L3 cuticle and sheath, permits interpretation of their linear interdependence, based on the coefficients sign (±) and strength (-1< correlation coefficient >1). As expected, all coefficients calculated for this data set are positive. This is because the data collected describes the presence and count for mass ions from a peak list rather than an absolute decrease from predetermined quantities. However, analysis of the strength of the correlation between N. americanus L3 cuticle and sheath surfaces indicates there are differences between their corresponding normalised m/z ions counts, Figure S16 . This is implied in regions comparing the L3 cuticle and sheath, where the average correlation coefficient is 0.85 ± 0.09, whereas regions comparing L3 cuticle and L3 cuticle or sheath and sheath are 0.90 ±0.08 and 0.87 ± 0.12, respectively. Further analysis of the data-set suggest the correlation coefficients for the positive data set comparing L3 cuticle and sheath positive ions are weak and could be the source of chemical differences,. It is important to note when there are subtle differences in the correlation coefficients, as described in this example, it is challenging to isolate sources of variance. Bearing this in mind MCR (main article) and PCA analysis (below) was applied to data set to isolate components that have the strongest anti-correlation or variance.
Statistical Scoring -To refine the data set further, masses that were significantly expressed on either L3 cuticle or sheath surfaces were identified by combining data filters with Student's t-test. Data filters were applied to highlight masses with a minimum of twofold greater abundance on either the L3 cuticle or sheath, whilst Student's t-test was performed to confirm the statistical significance (p<0.01) Based on the data processing described above 60 (7.3% of all masses surveyed) and 21 (2.6% of all masses surveyed) mass ions were recorded to be unique or were significantly expressed on the L3 cuticle and sheath, respectively (Table S3 ). 
S3
Movie. Exsheathment behaviour of N. americanus at 20 °C in the presence of poly-L-lysine coated glass substrate. This video was captured using an inverted optical microscope and shows a mobile larva on top of stationary larva. The mobile larva is able to move the centre of its anatomy, because it is only in partial in contact with the poly-L-lysine surfaces at the head and tail. Whereas full the length of stationary larva is in contact with the coated surface and as a result its movement is restricted.
S4
Movie. Exsheathment behaviour of N. americanus at 37 °C in the presence of poly-L-lysine coated glass substrate (single larval exsheathment).
